In short-read DNA sequencing experiments, the read coverage is a key parameter to successfully assemble the reads and reconstruct the sequence of the input DNA. When coverage is very low, the original sequence reconstruction from the reads can be difficult because of the occurrence of uncovered gaps. Reference guided assembly can then improve these assemblies. However, when the available reference is phylogenetically distant from the sequencing reads, the mapping rate of the reads can be extremely low. Some recent improvements in read mapping approaches aim at modifying the reference according to the reads dynamically. Such approaches can significantly improve the alignment rate of the reads onto distant references but the processing of insertions and deletions remains challenging. Here, we introduce a dynamic programming algorithm to update the reference sequence according to previously aligned reads. Substitutions, insertions and deletions are performed in the reference sequence dynamically. We evaluate this approach to assemble a western-grey kangaroo mitochondrial amplicon. Our results show that more reads can be aligned and that this method produces assemblies of length comparable to the truth while limiting error rate when classic approaches fail to recover the correct length. Our method allows us to assemble the first full mitochondrial genome for the western-grey kangaroo. Finally, we discuss how the core algorithm of this method could be improved and combined with other approaches to analyse larger genomic sequences. 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
INTRODUCTION
while performing less data processing, i.e. only requiring a single iteration of read mapping (Břinda et al., 2016) . In dynamic mapping, the reference is updated continuously as the reads are aligned onto it in an online fashion. Hence, the information obtained from the alignments of previous reads is used Table 1 . The four different reference sequences used to guide the reconstruction of the western-grey kangaroo mitochondrial amplicon from short sequencing reads. The percentage identity is calculated on the homologous regions only, i.e. the non-aligned sections at the beginning and the end of the alignment are not taken into account.
Reference positions covered


for the mapping-based pipelines is comparatively very high. This is highly likely to be the consequence 142 of the higher variance in the mapping rate for these pipelines and it may indicate that the mapping-based at the beginning or end of the three mitochondrial amplicons. Because the short-read coverage was 171 extremely low in these regions, it was very unlikely that the sub sampling of the reads retrieved these 172 sequences. A new mitochondrial genome was generated by correcting the consensus sequence with the 173 high coverage information. The newly assembled western-grey mitochondrial genome was annotated in A dynamic programming approach is used to align the reads to the reference sequence. Let M(x, y) the minimum edit distance over all possible suffixes of the reference from position 1 to x and the read from position 1 to y.
with the insertion/deletion cost is c = 1. The three elements correspond to three edit operations: 256 insertion, deletion and substitution. The value in e FR = min 1≤x≤l M(x, n) therefore consists in an edit 257 distance between the read and the reference vector sequences of nucleotide vectors. It is then normalised 258 by the length of the read to obtain a read "edit rate",ê FR .
259
The optimal path is traced back and, at each position, the new reference vector is updated. In case 260 of a substitution, f x = w * f x + (1 − w)r y with a learning rate w (see below). In cases of deletions or 261 insertions, the f x remains unchanged but the corresponding position in the persistence vector decreases or 262 increases by an amount equal to (1 − w), respectively. Then, the persistence value is assessed against a 263 threshold: if p x > 1 + w or p x < 1 − w, then an insertion or a deletion is performed at the position x in the 264 reference sequence. For insertions, the inserted nucleotide vector is initialised to the same value r y which 265 is the nucleotide probability vector on the position y of the read r aligned to the inserted position in the 266 reference. All the reads are chosen in random order and sequentially aligned to the reference sequence 267 according to this procedure (Figure 3) .
268

CAGGCATCAAAAGCTGCT-CAG
Overview of the algorithm. Reads are taken in random order and iteratively aligned to the reference. After each alignment, the reference sequence is updated according to the learning rate w, which is proportional to the normalised edit distance between the read and the reference. In this case, there is one substitution between the reference of the read; the read has a G with Phred quality score of 15 while the reference is T . One deletion and one insertion are treated thanks to a persistence vector. The persistence value p • indicates the tendency of a base to be inserted or deleted at each position in the reference. This value can trigger indels update in the reference when it goes beyond a threshold.
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Learning rate 269 The learning rate (1 − w) is set to depend on the edit rate and governs how much the reference is updated.
270
For low values of (1 − w) the reference mostly remains unmodified. When the distance between the read 271 and the reference is low, there is high certainty in the positioning of the read onto the reference. Therefore, 272 the learning rate can be increased to facilitate the update of the reference toward the sequence of the read.
273
On the other hand, when the alignment of the read is more difficult, i.e. high edit distance, the learning 274 rate is set to a low value so that the reference is only slightly updated and misalignments or errors in the 275 read sequence are not affecting the learning process.
276
Computer simulations were conducted in order to determine the distribution of the edit distances 277 between reads and increasingly divergent reference sequences. First, a nucleotide sequence of length 278 U (500, 5000) was generated by randomly choosing nucleotides with 50% GC content. A read sequence 279 of length 150 was generated by randomly choosing a position in the original sequence and using an error 280 rate of 1% with the errors uniformly distributed along the sequence. Then, mutations were introduced 281 in the original sequence, at a rate of {1, 5, 10, 30, 50}%, and single nucleotide indels were introduced 282 at a rate of 10%. Additionally, random reference sequences of similar length were generated to build a 283 random distribution of the distance. The process was repeated 1, 000 times (Figure 4) . Figure 4 . Distribution of the normalised edit distance between reads and increasingly distant reference sequences. The mutation rate of the reference sequence is indicated on the y-axis. The top row (Random) shows the distribution of the edit distance when reads were aligned to randomly generated nucleotide sequences. For the lowest row, the reads were aligned to their original sequence and the departure from 0 of the edit distance only results from the simulated sequencing errors.
From the empirical distributions of the distance (Figure 4) , the learning rate was determined to be 285 equal to 0.95 when the distance is below 0.05, which corresponds to the range of distances expected due 286 to sequencing errors. It is set to 0.05 when the distance is above 0.35, i.e. the distance expected when 287 the read and the reference sequence have less than 70% sequence similarity. Between normalised edit 288 distances of 0.05 and 0.95, the rate was set to linearly increase, i.e. w = 3 ×ê FR n − 0.1.
289
Five assembly pipelines 290 First, the whole set of reads, average coverage of ∼ 2, 000×, was mapped to the eastern-grey kangaroo to 
